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Background: Hepatocellular carcinoma (HCC) is a malignant tumor with complex pathogenesis. In HCC,
the possible roles of transcriptional factor WD repeat and HMG-box DNA binding protein 1 (WDHD1)
remain unclear. Hence, our study is aimed at verifying the prognosis prediction ability and potential bio-
logical mechanisms of WDHD1 in HCC.
Results: In this study, a total of 7171 clinical samples were obtained to quantitatively analyze the protein
and mRNA expression levels of WDHD1 by using immunohistochemistry, gene microarrays, and high-
throughput sequencing technologies. The result of in-house immunohistochemistry assay indicated that
WDHD1 protein was remarkably overexpressed in HCC tissues compared with the non-HCC tissues
(AUC > 0.99, the single Standardized Mean Difference [SMD] = 4.46). The overexpression trend of
WDHD1 was validated by the comprehensive analysis based on a total of 4004 HCC tissues and 3167 con-
trols (SMD = 1.333; AUC = 0.91). Moreover, the higher WDHD1 expression resulted in the poorer progno-
sis of HCC, as assessed by overall survival and relapse-free survival analyses (pooled hazard ratios > 1).
WDHD1-coexpressed genes were screened out for enrichment analyses to enquire the prospective signal-
ing pathways of WDHD1 in HCC and to probe the potential transcriptional targets of WDHD1. The
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Malignant tumor
Transcription factor
WDHD1
WDHD1-coexpressed genes were mainly involved in the division process of chromosome and cell nucleus
in HCC. UBA52 was identified as a crucial target of WDHD1.
Conclusions: WDHD1 may act as an oncogene in HCC and it has the potential to become a novel marker
for predicting the prognosis of HCC patients, which may benefit from the early intervention of HCC.
How to cite: He R-Q, Li J-D, He W-Y, et al. Prognosis prediction ability and prospective biological mech-
anisms of WDHD1 in hepatocellular carcinoma tissues. Electron J Biotechnol 2022;55. https://doi.org/10.
1016/j.ejbt.2021.12.001
� 2021 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction Pantomics company. A total of 110 HCC tissues and 59 para-
Cancer is a growing public problem that affects public health.
Liver cancer, a malignant tumor that is increasingly affecting life
health (2–3% increase every year), has a low five-year survival rate
(18%) worldwide [1,2]. In China, the incidence of liver cancer ranks
the fourth among all malignant tumors, and its mortality ranks the
second [3]. Hepatocellular carcinoma (HCC) is one of the common-
est subtypes of liver cancer, comprising 75–85% of liver cancer
cases [4,5]. To date, though there are studies showing that epige-
netic changes like DNA methylation [6,7,8,9] may be involved in
the progression of HCC, the mechanisms of HCC remain unclear.
At the same time, some external factors like hepatitis viral infec-
tion, over-drinking, and obesity further add complexity to the
pathogenesis of HCC [1,10,11,12]. Thus, the mechanisms of the
incidence and development of HCC need further clarification.

The progress of solid tumors is associated with cell proliferation
in which DNA replication plays an important role. WD repeat and
HMG-box DNA binding protein 1 (WDHD1), located at 14q22.2-
q22.3 and possessing a trimeric structure [13], is a transcription
factor (TF) closely related to DNA replication [14]. It serves as a
platform for the components binding to the replication fork [15].
WDHD1 binds to chromatin, works with the replicative helicase
[14], and recruits DNA polymerase [16] to facilitate the start of
replication. WDHD1 also serves as an essential intra-S phase
checkpoint [17]. The reduction of WDHD1 expression may cause
a defective mitosis [18]. As a cancer-related gene, WDHD1 expres-
sion is elevated in cervical cancer [19], lung adenocarcinoma [20],
cholangiocarcinoma [21], non-small cell lung cancer, and oesopha-
geal squamous cell carcinoma [22]. Previous study has illustrated
the pro-survival role of WDHD1 in triple negative breast cancer
cells [23]. A recent research has revealed that WDHD1 promotes
G1 checkpoint abrogation and may cause human-papillomavirus-
related tumors [24]. Moreover, WDHD1 inhibition has been
demonstrated to hinder tumor growth and metastasis of cholan-
giocarcinoma cells [21]. Therefore, there exist intimate associa-
tions between WDHD1 and the development of cancer. However,
the expression status and possible mechanism of WDHD1 in HCC
have been rarely mentioned in previous reports.

Our study comprehensively analyzed the expression value of
WDHD1 in HCC based on a large number of human liver samples
from both protein and mRNA aspects, which fills the gap in the
existing research. The prognosis value of WDHD1 was also
appraised in HCC. Moreover, the possible pathways that WDHD1
TF may participate in HCC were also examined by in-silico biolog-
ical mechanism analyses and protein–protein interaction (PPI) net-
work analysis.

2. Materials and methods

2.1. The clinical value of WDHD1 in HCC

2.1.1. Protein and mRNA expression of WDHD1 in HCC
2.1.1.1. In-house immunohistochemistry (IHC). Samples for IHC were
obtained from the tissue microarrays purchased from the
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tumorous liver tissues were collected. A two-step immunohisto-
chemical technique was adopted. Formalin-fixed and embedded
tissues underwent the process of dehydration, the endogenous
peroxidase blockage, and the antigens exposure in sequence.
Anti-WDHD1 antibody (ab224221, Rabbit polyclonal to WDHD1,
Abcam) was the primary antibody at 4�C overnight, and
phosphate-buffered saline was used to replace the primary anti-
body as the control group. Next, the secondary antibody was
applied at 25�C for half an hour. Finally, the section was stained
with diaminobenzidine, re-stained with haematoxylin, dehydrated
and fixed with neutral resin. When extracting the expression of
WDHD1, the number of positive cells per 100 cells in each sample
was calculated to compare the protein expression value of
WDHD1. A method of independent student’s t-test and analysis
of variance (ANOVA) were done to compare the expression level
of WDHD1 for the subgroup analysis of clinical traits. The study
protocol was approved by the Ethics Committee of the First Affili-
ated Hospital of Guangxi Medical University.

2.1.1.2. MRNA expression of WDHD1 in high-throughput databases
from HCC samples. The expression value of WDHD1 was obtained
from The Cancer Genome Atlas (TCGA) database, GEO (Gene
Expression Omnibus) database, ArrayExpress, Sequence Read
Archive (SRA), Oncomine, and previous reports. The Genotype-
Tissue Expression (GTEx) project was also applied for enlarging
the sample size of normal controls for RNA-sequencing data.

From the TCGA and GTEx databases (the following were repre-
sented by the TCGA-GTEx database), a total of 371 HCC and 225
controls were downloaded, including the value of WDHD1 expres-
sion and corresponding clinical features. Subsequently, the raw
count data underwent log transformation.

Other HCC microarrays or RNA-sequencing datasets were
searched until Dec 1, 2020 by using the following search terms:
hepatocellular carcinoma or HCC. The studies generated were then
filtered by using the following requirements: (1) studies must
include tissues from HCC and non-HCC patients; (2) WDHD1 value
could be extracted; and (3) samples were from humans. Data
transformation was the same as what we have described in the last
paragraph. Moreover, for a more comprehensive analysis, microar-
ray and high-throughput datasets with the same platform were
merged, and the batch effect among different microarrays was sub-
sequently removed. Finally, WDHD1 expression was measured
based on the merged datasets above.

2.1.1.3. Comprehensive analysis of WDHD1 expression. When analyz-
ing the expression of WDHD1 in HCC and control samples, in-
house IHC and public datasets were combined to enlarge the num-
ber of samples for a more comprehensive outcome. To examine the
expression level and discriminating ability of WDHD1, the stan-
dardized mean difference (SMD) and the area under the curve
(AUC) of summary receiver operating characteristic (SROC) curve
were calculated by using Stata 15.0 (StataCorp LLC, College Station,
TX, USA). The heterogeneity was estimated. A value of I2 > 50%
indicated the existence of significant heterogeneity, and a random
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effect model was chosen. Scatter plots and receiver operating char-
acteristic (ROC) curves were drawn by using GraphPad Prism v.8 to
visualize the expression levels of WDHD1 in each dataset, and the
AUC was applied to evaluate the discriminating ability.

2.1.2. Clinical value and prognosis prediction ability of WDHD1
expression in HCC

Based on the results from IHC and TCGA HCC cohort, the clinical
features of each patient were obtained (such as gender, age, vital
status, TNM stage, and so on), and the WDHD1 expression value
was matched to the different traits. The overall survival (OS) and
recurrence-free survival (RFS) data were also acquired from the
public HCC cohort datasets. Kaplan–Meier survival and Cox regres-
sion analyses were conducted to analyze the prognosis prediction
ability of WDHD1 in HCC patients. Moreover, studies from the
databases mentioned above with prognosis information were
included for the calculation of the pooled hazard ratio (HR), which
was necessary to compare the prognosis prediction ability between
high and low WDHD1 expression groups. To appraise the prognos-
tic prediction ability of WDHD1 in HCC patients, time-dependent
ROC curve with inverse probability of censoring weighting estima-
tion was plotted according to the TCGA HCC cohort. Moreover, risk
scores were calculated to predict the prognosis of HCC patients by
using the mRNA expression value of WDHD1.

2.2. WDHD1 alternation in HCC

The alternation information of WDHD1 was obtained from
cBioPortal. TCGA, PanCancer Atlas dataset was exploited for the
analysis, where 366 samples were included. Oncoprint was used
to visualize genetic alternations and copy number alternations.

2.3. Screening of the candidate co-expressed genes of WDHD1 for
biological functional analysis

The relevant Chromatin Immunoprecipitation sequencing
(ChIP-seq) data of WDHD1 were searched from GEO and ENCODE.
Potential TF targets with scores �1 were selected as putative tar-
gets of WDHD1, which had been certified by each ChIP-seq study.
A total of nine high-throughput datasets were exploited for the
screening of the co-expressed genes (CEGs) of WDHD1 and the dif-
ferentially expressed genes (DEGs). Genes with a correlation coef-
ficient �|±0.4| that appeared three times or more in the nine
datasets were considered as the CEGs with Pearson’s correlation
analysis. A Limma package of R was applied for digging out the
DEGs. Log2 fold change (logFC) �|±0.4| was the threshold for the
differential analysis, and genes that emerged in three or more data-
sets were classified into the DEGs. CEGs with correlation
coefficients � 0.4 and DEGs with logFC �0.4 (P < 0.05) indicated
positive correlations and upregulated expression trends. On the
other hand, CEGs with correlation coefficients < �0.4 and DEGs
with logFC <�0.4 (P < 0.05) indicated negative correlations and
downregulated expression trends.

Putative targets, CEGs, and DEGs underwent the intersection,
and the intersected genes were regarded as the candidate co-
expressed genes for the biological analysis of WDHD1 in HCC.

2.4. Biological function of WDHD1 in HCC

The WDHD1 co-expressed genes were sent to the Gene Ontol-
ogy (GO) annotation and Kyoto Encyclopedia of Genes and Gen-
omes (KEGG) to dig out the enriched pathways of WDHD1 in
HCC by using the clusterProfiler package of R. The z-score was cal-
culated by the following formula with the GO plot package of R to
infer whether genes were more likely to be upregulated or down-
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regulated in those GO items [25]: zscore ¼ ðup-downÞ
ffiffiffiffiffiffiffiffiffi

count
p (up: number of

the upregulated genes; down: number of the down regulated
genes; count: total number of the genes), and the logFC was calcu-
lated and regarded as the measurement for the expression level
based on the TCGA-GTEx datasets. Moreover, the connective rela-
tion of the candidate core genes was calculated by the Search Tool
for the Retrieval of Interacting Genes (STRING) database. Cytoscape
3.5.0 was applied to visualize the PPI network. In the network, core
genes were the nodes that had the highest degree centrality calcu-
lated by using the cytohHubba plugin, and a k-core decomposition
was accomplished to display the stable subnetwork where the core
gene was identified with the MCODE plugin. Finally, to further con-
firm the relation between WDHD1 and the core genes, the peak of
WDHD1 based on ChIP-seq was visualized by using IGV_2.8.13
[26].
2.5. Statistical analysis

Detailed statistical methods were described above in each step
of the study. P < 0.05 was regarded as statistically significant.
3. Results

3.1. Flowchart of current study

Based on immunohistochemistry and public databases, a total
of 7171 samples were collected for our study. WDHD1 expression,
prognosis prediction ability, and biological mechanism were
analyzed.
3.2. The clinical value of WDHD1 in HCC

3.2.1. Expression of WDHD1 in HCC
3.2.1.1. Protein expression of WDHD1 based on in-house IHC. We first
examined the protein expression level of WDHD1 in HCC. As com-
pared with non-tumor samples, WDHD1 expression was signifi-
cantly elevated in HCC (P < 0.001) and the AUC of WDHD1
upregulation was higher than 0.99 (P < 0.001, Fig. 1). The single
SMD for WDHD1 protein by in-house IHC was 4.46 (3.89–5.03).
3.2.1.2. Comprehensive analysis of WDHD1 expression in HCC. A total
of 4004 HCC samples and 3167 non-tumor samples were obtained
from in-house IHC and public datasets. The selection process of the
high-throughput datasets was shown in Fig. S1. Seventy-eight
microarrays with the same platform were merged into five data-
sets, as was shown in Table 1. Scatter plots and ROC curves were
drawn and all datasets appear with elevated WDHD1 expression
and good discriminatory capability for HCC in Fig. 2. The least
AUC was 0.6423 from GSE54238. In addition, Fig. S2 presented
the external validation of WDHD1 upregulation in HCC tissues
compared with non-HCC tissues. Moreover, the comprehensive
SMD was calculated including in-house IHC, which further con-
firmed the upregulation of WDHD1 in HCC compared with the
non-tumor samples (SMD = 1.333 with 95% confidence interval
1.001–1.664; Fig. 3A). The random effect model was chosen due
to the high heterogeneity (I2 = 96.3%, P heterogeneity < 0.001). Egger
funnel diagram (P = 0.245, Fig. 3B) and Deek’s funnel plot
(P = 0.16, Fig. 3C) all indicated that there was no publication bias.
Finally, the SROC curve was plotted, and the AUC was 0.91 (95%
confidence interval 0.88–0.93) with a sensitivity of 0.87 and a
specificity of 0.82 (Fig. 3D, 3E).



Fig. 1. The expression level of WDHD1 in HCC and non-tumor tissues based on in-house immunohistology. (A and B) Non-tumor tissues (�100, �200, �400). (C–E) HCC
tissues (�100, �200, �400). (F) ROC curve of WDHD1 expression based on TCGA-GTEx database. S, the scatter plot of in-house immunohistochemistry. (G) Receiver operating
characteristic curve of WDHD1 expression based on in-house immunohistochemistry.
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Table 1
Details of the 5 merged and other 4 high-throughput datasets with corresponding WDHD1 expression level, AUC of the ROC curve, sensitivity and specificity of WDHD1 in HCC.

Datasets HCC Non-HCC ROC

N Mean SD N Mean SD AUC Sensitivity Specificity

Affymetrix 1614 2.921 0.300 1270 2.683 0.176 0.775 0.626 0.787
Agilent 186 2.333 0.272 131 2.094 0.317 0.707 0.812 0.519
Illumina 1278 4.168 0.411 1013 3.854 0.364 0.730 0.623 0.747
Rosetta 368 2.857 0.453 386 2.376 0.179 0.881 0.826 0.793
HiSeq X Ten 38 1.817 0.766 40 0.923 0.221 0.937 0.895 0.850
GSE54238 26 6.092 0.362 30 6.350 0.523 0.642 0.808 0.533
GSE59259 8 7.283 1.008 8 6.302 0.421 0.875 1.000 0.750
GSE74656 5 4.155 0.206 5 3.654 0.160 0.960 1.000 0.800
TCGA-GTEx 371 7.333 1.361 225 5.632 1.032 0.847 0.768 0.822

Note: SD, standard deviation; AUC, area under the curve.
Affymetrix includes GSE101685, GSE102079, GSE107170, GSE112790, GSE121248, GSE12941, GSE14323-GPL571, GSE14520-GPL3921, GSE14520-GPL571, GSE153565,
GSE17548, GSE17967, GSE19665, GSE22405, GSE29721, GSE33006, GSE41804, GSE45050, GSE45436, GSE60502, GSE6222, GSE62232, GSE63898, GSE64041, GSE6764,
GSE76311-GPL17586, GSE84005, GSE84402, GSE9839, GSE99807.
Agilent includes GSE101728, GSE115018, GSE117361, GSE46408, GSE50579, GSE54236, GSE57555-GPL16699, GSE67764, GSE98269-GPL21047.
Illumina includes GSE104310, GSE112221, GSE20140-GPL18461, GSE25599, GSE31370, GSE33294, GSE36376, GSE36411, GSE39791, GSE46444, GSE55048, GSE56545,
GSE57727, GSE57957, GSE63018, GSE63863, GSE65485, GSE69164, GSE73708, GSE76427, GSE77314, GSE77509, GSE81550, GSE87592, GSE87630, GSE89377, GSE94660,
GSE97214, GSE98617, GSE102383, GSE102451, GSE138485, GSE140845, GSE144269, GSE154211.
Rosetta includes GSE22058-GPL6793, GSE25097.
HiSeq X Ten includes GSE106830, GSE124535.
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3.2.2. Clinical value and prognosis prediction ability of WDHD1
expression in HCC
3.2.2.1. Clinical value of WDHD1 expression. Based on the in-house
IHC results, we analyzed the clinical value of WDHD1. WDHD1
expression was notably higher in N1 (72.857 ± 12.212) than N0
stage (61.408 ± 11.516, P = 0.013, Table 2), which suggested that
despite a weak correlation coefficient, there may be a relationship
between the upregulation of WDHD1 and lymph node metastasis
(r = 0.237, P = 0.013).

From the TCGA database, we downloaded the corresponding
clinical features of the HCC patients and matched the WDHD1
expression value to see whether there was a difference of expres-
sion among various traits. As the result showed in Table 3, patients
with advanced T stage, pathological stage, and higher alpha-
fetoprotein (AFP) content tended to gain higher WDHD1 expres-
sion (P < 0.05).
3.2.2.2. Prognosis prediction ability of WDHD1 expression in HCC. The
prognosis information was collected from high-throughput data-
sets. OS and RFS survival curves were drawn based on the datasets
from TCGA, which indicated that the higher expression of WDHD1,
the poorer prognosis of HCC patients (P < 0.05, Fig. 4A, 4B). The
pooled HR of the three studies with prognosis information also
indicated that patients with a higher WDHD1 expression would
possess a poorer prognosis (OS: HR = 1.87, Fig. 4C; RFS:
HR = 1.90, Fig. 4D). WDHD1 expression and HBV infection were
considered as the two independent factors that influenced the
prognosis of HCC patients by Cox regression analysis (Table 4). In
addition, the mRNA expression level of WDHD1 displayed a better
ability in predicting the 5-year RFS survival probability than the 5-
year OS survival probability of HCC patients (Fig. S3A-B). Further-
more, higher WDHD1 mRNA expression level correlated with
worse risk scores in HCC patients (Fig. S3C).
3.3. WDHD1 alternation in HCC

The alternation information was downloaded from the cBioPor-
tal website, and as was illustrated by the Oncoprint, there existed
missense mutation and amplification in four samples, and most of
the samples had the copy-number alternations (Fig. S4).
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3.4. Screening of the candidate co-expressed genes and biological
functional analyses of WDHD1 in HCC

After the intersection of putative targets of WDHD1 as a TF, its
CEGs, and DEGs in HCC, a total of 350 genes were finally included
as the candidate core genes related to WDHD1 in HCC (Fig. 5A). In
Fig. 5B, the top items ranked by adjusted P value were displayed in
the GO-circle plot (the molecular mechanisms only had five items
enriched). The outer circle in Fig. 5B showed the level of each
gene’s logFC value, while the red and blue colors represented the
upregulation and downregulation, respectively, which indicated
that most of the items in GO had their genes upregulated according
to the z-score shown in the inner circle. The details of the GO items
enriched were shown in Table S1, where ribonucleoprotein
complex biogenesis, U2-type spliceosomal complex, and protein
N-terminus binding were mostly enriched in the biological process,
cellular component, and molecular function, respectively. The
result of the KEGG analysis was presented in Fig. 5C and, as the
chord plot showed, spliceosome, DNA replication, ribosome, and
RNA transport were mostly enriched pathways that appeared in
the upregulated trend of the genes included according to the z-
score. Subsequently, the PPI network was constructed in Fig. 6A,
and, ubiquitin A-52 residue ribosomal protein fusion product 1
(UBA52) had the highest degree of centrality, which indicated a
close relationship with other genes, which made it the core gene
that participated in the regulation of WDHD1 in HCC. Fig. 6B
showed the stable structure where UBA52 was involved in the net-
work. As expected, the UBA52 expression was closely related to the
WDHD1 expression (Fig. 7A, r = 0.49, P < 0.001) and was elevated in
the HCC samples based on the TCGA-GTEx datasets (Fig. 7B), sug-
gesting that the expression level of UBA52 may be positively mod-
ulated by WDHD1 through transcriptional regulation. The higher
UBA52 expression also indicated poorer prognosis in HCC patients
(Fig. 7C). Finally, the high intensity peak of WDHD1 in the
upstream of UBA52 inferred that there existed a binding position
of WDHD1 at the promotor of UBA52 (Fig. 7D).
4. Discussion

Based on a large number of samples, our study comprehensively
analyzed the WDHD1 expression level in HCC based on in-house
IHC and public datasets. We also confirmed that WDHD1 was
upregulated in both protein and mRNA levels in HCC patients com-



Fig. 2. Expression levels WDHD1 in HCC of all included datasets and in-house immunohistochemistry. (A–H) The scatter plots of the 8 datasets from GEO database. (I–P)
Receiver operating characteristic curves of the 8 datasets from GEO database. (Q) The scatter plot of TCGA-GTEx datasets. Most of the datasets appeared the upregulated trend
of WDHD1 in HCC compared with the non-HCC tissues and the great discriminating ability of WDHD1 in HCC with AUC >0.7.
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pared with the non-HCC samples, which had been rarely reported
in previous studies. From the result of clinical value analysis,
WDHD1 expression showed strong association with T stage, N
stage, pathological stage, and AFP content. Moreover, we con-
firmed that higher WDHD1 expression was an independent risk
factor of the prognosis of HCC patients. Therefore, WDHD1 could
83
be considered as a novel marker for forecasting the prognosis of
HCC patients who will benefit from the early intervention. In the
aspect of the possible mechanisms of HCC, potential TF targets,
CEGs, and DEGs were intersected for the enrichment analysis. It
was not surprising that the genes above were involved in the divi-
sion process of chromosome and cell nucleus, which was in accord



Fig. 3. Comprehensive analysis of the total high-throughput platforms and in-house immunohistochemistry. (A) Forest plot showed that the Standardized mean difference of
the total study was >1, which further confirmed the upregulated of WDHD1 in HCC. (B) Egger funnel diagram. P = 0.245 indicated little publication bias. (C) Deek’s funnel plot.
P = 0.16 displayed no publication bias. (D) Summary receiver operating characteristic curve was plotted with AUC 0.91 (95% confidence interval 0.88–0.93). (E) Sensitivity and
specificity was 0.87 and 0.82, respectively.
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Table 2
Clinical value of WDHD1 in HCC based on in-house immunohistochemistry.

Clinicopathological features WDHD1 expression

N Mean SD P(t) t value

Tissue non-cancer 59 16.864 5.782 <0.001 27.628
cancer 110 62.136 11.840

Gender male 89 61.483 12.088 0.235 1.193
female 21 64.905 10.545

Age <60 89 61.719 11.846 0.449 0.759
�60 21 63.905 11.941

T stage T1–T2 81 61.358 11.679 0.251 1.154
T3–T4 29 64.310 12.221

N stage N0 103 61.408 11.516 0.013 2.537
N1 7 72.857 12.212

Pathological stage Stage I–II 81 61.358 11.679 0.224 1.222
Stage III–IV 28 64.536 12.384

Table 3
Clinical value of WDHD1 in HCC based on RNA-seq.

Clinicopathological features WDHD1 expression

N Mean SD P(t) t/F value

Tissue non-cancer 50 5.112 0.875 <0.001 15.593
cancer 371 7.333 1.361

Gender male 250 7.239 1.406 0.056 �1.919
female 121 7.527 1.246

Age <60 169 7.463 1.412 0.091 �1.697
�60 201 7.222 1.313

Vital status Alive 240 7.173 1.316 0.002 3.122
Dead 130 7.631 1.402

T stage T1–T2 275 7.184 1.303 <0.001 3.852
T3–T4 93 7.803 1.441

N stage N0 252 7.364 1.361 0.206 1.584
N1 4 8.327 1.454
NX 114 7.213 1.343

M stage M0 266 7.338 1.363 0.728 0.318
M1 4 6.793 1.096
MX 101 7.341 1.372

Pathological stage Stage I–II 257 7.153 1.306 <0.001 3.937
Stage III–IV 90 7.798 1.42

Cirrhosis No 142 7.108 1.341 0.467 0.729
Yes 70 7.249 1.307

AFP content <400 213 7.086 1.286 <0.001 3.777
�400 65 7.777 1.305

HBV Infection No 248 7.329 1.359 0.977 �0.029
Yes 104 7.325 1.319

HCV Infection No 296 7.359 1.352 0.311 �1.016
Yes 56 7.16 1.308

Alcohol Consumption No 235 7.38 1.305 0.303 �1.032
Yes 117 7.223 1.424

Vascular invasion No 206 7.186 1.257 0.246 1.164
Yes 109 7.382 1.495

Note: AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus.
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with the biological behavior of WDHD1 mentioned above. Conse-
quently, we hypothesized that WDHD1might regulate those target
genes and then promote the progress of HCC by facilitating DNA
replication, cell division, and proliferation.

We are now facing a critical situation where HCC, a subtype of
liver cancer [4], already has a high incidence, high mortality [3],
complex mechanism, and multiple limitations of treatment
[27,28,29]. Under this situation, precision medicine based on ther-
apeutic targets is proposed to be highly beneficial in the treatment
of HCC [30,31]. Thus, more targets should be discovered, and the
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mechanisms of HCC development need further study. Our study
aimed to find more target genes that may be involved in the pro-
gress of HCC formation and deterioration and may be helpful in
the discriminability, predictive effect of prognosis and even the
treatment of HCC patients. WDHD1 has been demonstrated to be
a transcription factor participating in DNA replication [14]. As an
oncogene, WDHD1 was involved in the formation and progress of
multiple tumors. In cervical cancer, WDHD1 is a crucial gene in
lymph node metastasis, and the expression was elevated [19]. A
recent study reported that WDHD1 could abolish the G1 check-



Fig. 4. Kaplan–Meier analysis based of TCGA database and the pooled HR based on total 3 high-throughput datasets. (A) Overall survival (OS) curve. (B) recurrence-free
survival (RFS) curve. (C) Pooled HR of overall survival time. (D) Pooled HR of recurrence free survival time. High WDHD1 expression appeared a poorer prognosis.

Table 4
Univariate Cox regression and multivariate Cox regression analysis based on the RNA-seq data.

Characteristics Univariate Cox regression Multivariate Cox regression

HR 95%CI P value HR 95%CI P value

WDHD1 expression 1.35 1.183–1.541 <0.001 1.241 1.073–1.435 0.004
Age 1.213 0.855–1.721 0.279 / / /
Alcohol consumption 1.025 0.703–1.495 0.898 / / /
AFP 1.054 0.644–1.723 0.835 / / /
Cirrhosis 0.838 0.479–1.465 0.535 / / /
gender 0.817 0.573–1.164 0.263 / / /
HBV Infection 0.357 0.221–0.577 <0.001 0.437 0.26–0.735 0.002
HCV Infection 1.09 0.667–1.781 0.732 / / /
T stage 2.535 1.782–3.607 <0.001 2.172 0.292–16.161 0.449
M stage 1.275 1.06–1.533 0.01 1.183 0.914–1.531 0.203
N stage 1.223 1.017–1.471 0.032 1.034 0.794–1.345 0.805
Pathologic stage 2.444 1.686–3.543 0 0.889 0.119–6.625 0.909
Vascular invasion 1.35 0.891–2.045 0.157 / / /

Note: AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus.
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point that causes genome instability and tumor progression [24].
Similarly, in lung adenocarcinoma, WDHD1 was also closely
related to the resistance of cisplatin by promoting the degradation
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of MAPRE2, which appears to be an upregulated trend of WDHD1
expression [20]. Moreover, in cholangiocarcinoma, WDHD1
expression was upregulated, and the suppression of WDHD1 could



Fig. 5. Potential molecule mechanisms of WDHD1 underlying HCC. (A) The Venn plot displayed the result of the intersection among putative targets, co-expressed genes of
WDHD1 and the differentially expressed genes. After the intersection, a total of 350 genes were selected as the candidate core genes. (B) GO-circle plot showed the GO
enrichment result of the candidate core genes. The outer circle represented the level of each gene’s logfoldchange value, and red color and blue color represented upregulation
and downregulation separately. Z-score had been shown in the inner circle. The table on the right displayed the Gene Ontology items most enriched. (C) Kyoto Encyclopedia
of Genes and Genomes analysis shown by chord plot. Spliceosome, DNA replication, Ribosome and RNA transport were mostly enriched pathways.
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Fig. 6. PPI network construction of 350 intersection genes including WDHD1. (A) PPI of 350 genes. Larger dot size and deeper color represented greater degree centrality. (B)
the stable structure that UBA52 involved in the network based on the k-core analysis. PPI, protein-to-protein interaction.
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cause cell apoptosis [21]. In another study, WDHD1 was shown to
be involved in the phosphoinositide 3-kinase/AKT pathway and
was upregulated in non-small cell lung cancer and oesophageal
squamous cell carcinomas, where poor prognosis was seen in
patients with WDHD1 positive expression. According to this study,
the knockout of WDHD1 results in inhibiting cell growth [22]. In
conclusion, WDHD1 plays important roles in tumorigenesis, based
on the studies presented here. Nevertheless, few studies have
reported the expression, clinical value, prognosis, and the mecha-
nisms of WDHD1 in HCC. The current study, for the first time,
observed that both of the WDHD1 protein and mRNA expression
levels were detected to be evidently upregulated and led to an
unfavorable outcome. Surprisingly, WDHD1 has been elucidated
as a stage-III-specific upregulated DEGs in HCC [32], which was
consistent with the expression and prognostic statuses of WDHD1
in HCC. Moreover, the risk prognostic prediction ability of WDHD1
could be certified by the online result of human protein atlas
(https://www.proteinatlas.org/ENSG00000198554-WDHD1/pathol-
ogy/liver+cancer#ihc) (P = 0.0002). In the present study, The
WDHD1 upregulation was validated by multiple cohorts world-
wide with a large number of cases of 4004 HCC and 3167 controls,
which makes the finding more convincing than those based on a
single institute with small sample size. More importantly, multiple
detection methods verified the overexpression of WDHD1 in HCC,
including in-house immunohistochemistry, microarray, RNA-
sequencing, and integrated computational analysis. Therefore,
WDHD1 may play an oncogenic role in the incidence and deterio-
ration of HCC.

In this study, we screened out the core co-expressed gene
UBA52, which may be a crucial target of WDHD1. Moreover, there
is a peak of WDHD1 on the upstream of UBA52, which implies that
WDHD1, binding at the promoter of UBA52, regulated the tran-
scription of UBA52 based on the result of ChIP-seq technology.
UBA52 was an ubiquitin coding gene located at 19p13.1-p12
[33,34,35,36]. The coding product of UBA52 included ubiquitin
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and ribosomal protein L40, which promoted the expression of
cyclin D, post-translational modification and the formation of ribo-
somal protein complex [37]. GO and KEGG analysis in our study
also revealed that UBA52 participated in the RNA catabolic process,
ribosome-related items and pathway. Animal research showed
that, in embryos, a deficiency in UBA52 could down-regulate pro-
tein expression and result in the cell-cycle arrest [37] and the ces-
sation of embryonic development [38]. In non-small cell lung
cancer cells, UBA52-promoting ubiquitination could degrade
CCNB1 and then induce cell cloning [39]. We could not help but
consider whether WDHD1 could regulate UBA52 and suppress
the expression of some crucial genes and contribute to the progress
of HCC. In colon cancer and renal cancer, UBA52 expression is an
increasing trend [40,41]. With regard to liver cancer, the upregula-
tion of UBA52 could be seen during the apoptosis of the hepatoma
cells induced by the anticancer drugs, which caused the gathering
of ubiquitylated proteins in the nucleus that was confirmed to be
lethal to cells [42]. However, our study showed that UBA52 expres-
sion was significantly increased in HCC and higher UBA52 repre-
sented poorer prognosis, which seemed to be contradictory to
the aforementioned study [42]. As an ubiquitin ligase, the increase
expression of WDHD1 would lead to the ubiquitylation and degra-
dation of the specific gene to induce resistance to the cisplatin [20],
and UBA52 expression would also increase after applying cisplatin
[43]. Thus, we came up with an assumption that WDHD1 might
regulate the target gene UBA52 and induce the ubiquitylation of
some key genes and against drug-induced apoptosis in HCC, which
remains to be verified in further experiments.

Limitations existed in our study. First, larger cohort studies
were needed for a more persuasive result for the prognostic value
of WDHD1 in HCC. Second, in vitro experiments should have been a
better method to further verify the results and hypotheses of this
study. Last but not least, the subgroup analysis should have been
applied to the pre-and post-chemotherapy samples and should
have excluded the influence of chemotherapy drugs on the results.

https://www.proteinatlas.org/ENSG00000198554-WDHD1/pathology/liver%2bcancer%23ihc
https://www.proteinatlas.org/ENSG00000198554-WDHD1/pathology/liver%2bcancer%23ihc


Fig. 7. The analysis of the core gene UBA52. (A) UBA52 expression was closely related toWDHD1 expression. (B) UBA52 expression was elevated in the HCC samples based on
the TCGA-GTEx datasets. (C) Higher UBA52 expression indicated poorer prognosis of HCC patients. (D) the high intensity peak of WDHD1 at the upstream of UBA52 inferred
that there existed a binding position of WDHD1 at the promotor of UBA52.
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5. Conclusions

Our study verified that the elevated expression and prognosis
prediction ability of WDHD1 in HCC based on large-scale samples
preliminarily clarifying the clinical value of WDHD1. The possible
mechanism of WDHD1 in HCC was also inferred, which broadened
the horizon for the clarification of the progress and resistance
mechanism of HCC and benefits the treatment of HCC patients.
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